Abstract: Northern bobwhites (Colinus virginianus) have received considerable research attention since the 1920s. I evaluated published results for patterns that might be meaningful in developing a general philosophy of habitat management for this species. Bobwhite populations show similar mean demographics (survival, productivity) as climates, landscapes, and predator populations vary about them; this suggests some operational constancy in habitat quality wherever populations persist. Neither food abundance nor habitat type interspersion are satisfactory general predictors of population density on a management area, although interspersion provides a limiting condition (after min. interspersion requirements are met, further interspersion has, at best, neutral effects on density). Long-term, mean density on an area may vary in proportion to the quantity of space ( 
time, the increment of juveniles must match the mortality of adults. Differential vulnerability of juveniles and adults to harvest (Shupe et al. 1990 , Roseberry and Klimstra 1992) may bias demographic inferences developed from age ratio data, depending on the intensity and duration of hunting (Shupe et al. 1990 ). Despite possible bias, time series data on age ratios provide a strong index of population processes; we need a method of interpreting the age ratio data in a context meaningful for management theory.
If we eliminate ingress and egress from population processes, we can say next year's autumn 
and R = 1/s-1.
Equations (2) and (3) give, respectively, the stabilizing annual survival rate at known production per surviving adult and the stabilizing production per surviving adult at a known annual adult survival rate. warmer climates (low latitudes) sustain about 70% annual mortality with net production of 2.33 juveniles/adult, whereas bobwhites in colder climates (high latitudes) sustain -80% annual mortality with >4 juveniles/adult; this relation is consistent with expected latitudinal variation in clutch size and production of birds (Ricklefs 1980 , Koenig 1984 
HABITAT QUALITY
Wildlife management in general operates under assumptions that habitat quality exists, that quality may be defined along some continuum ranging from low to high, and that population density increases as habitat quality increases. If the assumptions hold, then habitat management should be directed at increasing habitat quality.
In this section I explore the validity of 2 traditional hypotheses on the meaning of habitat quality and develop a new hypothesis that unifies empirical findings.
The Food Hypothesis
Applied bobwhite management has operated under the hypothesis that more food results in better habitat; that is why we have supplemental feeding, food plots, strip-discing to promote lower successional forbs (foods), and prescribed burning in certain environments. If the food hypothesis is valid, then the literature should contain evidence that food is limiting in the field and practices that increase food supplies raise average bobwhite density.
Empirical data on the availability of seeds eaten by bobwhites show high quantities relative to estimable population requirements for energy (kcals). In Michigan, seed availability in March (after winter) ranged from 1.25 to 32.5 kg/ha (Baumgras 1943 (Korschgen 1960 ). Under the above assumptions on energetics, this availability translates to 20,280 bird-days/ ha. Recent research in Oklahoma indicated seed production of 8.3-25.4 kg/ha on semiarid rangeland (Peoples et al. 1994 ), yielding 498-1,524 potential bird-days/ha. In Texas, average availability of bobwhite foods (seeds) was 1,280,176/ha in March (after winter; Doerr 1988). The empirical data on food availability do not include estimates for green vegetation, which provides limited amounts of ME (Castro et al. 1989) , and invertebrates, which may be rich sources of ME (Robel et al. 1979 ). Neither do the data provide confirm evidence for a condition of the food hypothesis: food is limiting in the field.
If food is not limiting in the field, then it follows that practices aimed at increasing food supplies should have no effect on average density. I could not find unchallengeable, positive population responses of bobwhites to food plots in the management literature. Body fat levels of bobwhites increased in Kansas in response The Interspersion Hypothesis Leopold (1933:132) advanced the so-called law of dispersion (interspersion). The word "law" is reserved for fundamental, immutable processes in nature, so Leopold's terminology is regrettable. Nonetheless, interspersion remains an accepted concept in habitat management theory.
Given a species such as the bobwhite, which has low mobility and requires -2 habitat types, the species' density (which we take as long-term mean density) is proportional to the sum of the type peripheries (amt edge; Leopold 1933: 131-132), which we take as applying to some area of fixed size. Under Leopold's hypothesis, we can take edge density (linear length of edge/ unit area) as a measure of habitat quality. The hypothesis makes the definite prediction that, if one compares bobwhite density on any 2 areas, the area with higher edge density will support higher average bobwhite densities.
The We begin by relaxing the time-unlimited restriction on usability of points in habitat space. If a point is not usable at all times, for example a point in a wheat field that has been plowed, it is not available in a time-unlimited sense. However, this same point might be beneficial when it is surrounded by mature wheat or stubble.
The above reasoning leads to the concept of usable space in time (space-time). For our purposes, space-time is the sum of usable space on each day of the year. For example, if 100 ha were fully usable for 365 days, we would have 36,500 ha-days of space-time. However, if this same area was subject to grazing or cropping, the proportion of usable points would vary in time; indeed, it is difficult to conceive of any area consisting of fully usable points through time.
Under the definition of management area quality postulated above (the proportion of an area that is usable), quality is the ratio of the minimum amount of usable space to the total space available during some time period. For example, if usable space on our 100-ha area declined to a minimum value of 25 ha as a result of crop management, we could say quality of the area is 25/100 = 0.25. This would be a good approximation for management purposes but it is not theoretically sound.
Space-time in excess of the quantity based on minimum available space may contribute to population welfare via density-dependent processes. These processes are well established in bobwhites (Errington 1945 The key point is that because of densitydependent processes it is possible in principle for an area to be of higher quality than the minimum amount of usable space would indicate (Fig. 2) . Revisiting the above example, we would say that habitat quality is >0.25 because of density-dependent value of space in time above the minimum amount. When one considers expansion and shrinkage of usable space in time (Fig. 2) , it is apparent that any measurement of bobwhite density on an area is meaningful only relative to functional space-time. The estimate is not particularly meaningful relative to the area as a whole (crude density), because crude density varies with arbitrary definitions of area size. Consider, for example, a habitat island with a specific density of 5 birds/ha. Whereas specific density is fixed for some point in time, the corresponding crude density for any area greater in size than the island varies inversely with the arbitrary definition of area size and approaches zero as area size grows; crude density provides an irrational basis for comparing areas and developing habitat-population theory, although crude density remains acceptable as a property meaningful for management. In fact, we have developed a rather strict concept of specific density: density associated with functional space-time (space-time specific density).
Let us now consider space-time specific density relative to the general similarity in key demographic variables, discussed earlier. If crude density estimates from different sites in a region were expressed as space-time specific estimates, it is reasonable to expect that, over the long term, mean space-time specific estimates would converge to similar values on different areas. Convergence follows because populations are subject to similar survival-production schedules, density dependence, and frequencies and severity of weather catastrophes within regions. Regional synchrony in demographic variables is known in nongame birds (Bohning-Gaese 1994). These arguments support use of a constant of proportionality, which is in fact spacetime specific Subscripting the constant of proportionality to a specific geographic region is also a consideration of time in the habitat-population interface. The frequency and severity of weather catastrophes (droughts, blizzards, heat waves) vary among regions; the effects of such catastrophes on bobwhite production and survival are common knowledge. Suppose a population suffers a catastrophe such as extended snow cover and freezing temperatures, which decimates numbers. Suppose that after the catastrophe, the birds are awash in resources and no further catastrophes ensue. Because populations grow at time-based rates, we can say the postcatastrophe population is time-limited, at least in the near term. In other words, given the same average annual amount of functional spacetime, a population exposed to more frequent, more severe catastrophes may have a lower average space-time specific density than one exposed to less frequent, less severe catastrophes (Fig. 3) . Variation in the frequency and severity of catastrophes among geographic regions affects the constant of proportionality in equation 4 (Fig 3) . Areas may have identical, nonlimiting habitats and different average bobwhite densities during some relatively short time horizon (e.g., 10-50 yr).
If we could somehow remove the effects of The concept that a point in habitat space is either usable (quality = 1) or unusable (quality = 0) at any time is amenable to testing. Study areas with substantial variation in habitat variables (e.g., bare ground exposure, herbaceous vegetation biomass, woody canopy coverage) near points need to be selected. Then data on habitat variables need to be collected at points where bobwhites occur and at randomly available points. From these data, one may construct continuous selection ratios (use/availability; Appendix). If a plot of the continuous selection ratio against the value of a habitat feature has steep sides with a flat top, the binomial concept of point habitat quality is supported. Otherwise, the binomial concept is refuted.
A final prediction is that management aimed at increasing food supplies or increasing interspersion on areas saturated with space-time will fail to increase mean density. Equation (4) is based wholly on usable space in time; food is not a consideration because past results do not support the food hypothesis and interspersion serves only to set a limiting condition on space usability.
RESEARCH NEEDS
If we envision a management area as a set of points either usable or unusable at different times, then we need a comprehensive theory of the properties of usable points (note that usability of a point must be considered in the context of a small area surrounding the point). In short, we need a comprehensive theory of point habitat. 
Species

MANAGEMENT IMPLICATIONS
The goal of habitat management for bobwhites should be to make all points on an area usable by bobwhites at all times. When this goal is achieved, the manager has given bobwhite populations the opportunity for maximum expression of demographic potential; no further habitat management is expected to increase density. Managers must realize that bobwhite populations will show considerable annual variability with space-time saturation due primarily to the frequency and severity of weather catastrophes.
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